INTRODUCTION {#s1}
============

Cerebral palsy (CP) is defined as a permanent neurological disorder caused by a non-progressive brain injury or damage to the brain[@r1]^)^. CP primarily affects muscle tone, coordination, control movement, and balance[@r1], [@r2]^)^. Many children with CP have neuromuscular deficits, including the lack of motor control, abnormal muscle tone, impaired coordination, sensory problems, and impaired balance control. Balance control is imperative to all movements, and a major factor restricting functional ability is poor balance control[@r2]^)^. Thus, a reliable and valid assessment is vital in balance function evaluation. In addition, this helps to demonstrate that an improved balance ability results from the interventions performed in the clinical setting[@r3], [@r4]^)^. Several clinical balance assessments have been developed and used; however, few of balance tools for children exist[@r3]^)^.

The Pediatric Balance Scale (PBS), modified by based on Berg Balance Scale (BBS) has been used in several studies to assess balance ability in children, especially those with balance problem[@r4], [@r5]^)^. However, it is suitable for assessing balance ability in a group of lower-functioning children ages ≤6 because of its propensity to display ceiling effects[@r6]^)^. To assess balance function in a group of higher-functioning individuals, the Fullerton Advanced Balance (FAB) scale is recommended[@r7]^)^. Although the FAB is more suitable for higher-functioning individuals compared to the PBS, the study does not report on the item difficulty between the PBS and the FAB in children with CP. The purpose of this study is to compare the level of difficulty of the PBS with that of the FAB scale in children with CP using Rasch analysis.

SUBJECTS AND METHODS {#s2}
====================

Forty children with CP (male=17, female=23), who received physical therapy as outpatients at a hospital with a level 1 or 2 based on the Gross Motor Function classification System (GMFCS), and who had sufficient cognition to participate in the study by the Mini-Mental State Examination-Korean (MMSE-K) score of 23 or higher, were included. The exclusion criteria were as follows: (1) history of any orthopedic injuries, and other disease or conditions that could influence standing and gait performance within 3 months, (2) any medical intervention affecting balance function before study. Prior to initiation of the study, the principal investigator explained all procedures and safety in detail to the participants. The participants agreed to the publishing of their study data and signed an informed consent form. All participants completed a general characteristics questionnaire with the following information: gender, age, and medical history. Thereafter, the balance function of each subject was assessed using the PBS and FAB. The order of assessment was randomized using the random number generator in Excel. The assessment was administered by trained one examiner who had experience completing these tests in patients with CP. The subjects were asked to rest to minimize the effect of the previous measurement. Participant instructions were given according to the standardized each test protocol.

The PBS and FAB scale data obtained were analyzed using Rasch analysis with Winstep version 3.71.0 (Linacare, Chicago, IL, USA). Rasch analysis is based on the probability that the response patterns of individuals to the total sample to measure person ability and item difficulty[@r8]^)^. It converts ordinal-scale values to interval-scale values, which are calibrated on a single linear measurement continuum divided into equal intervals, or logits, for each item. Therefore, Rasch analysis has an advantage that it's focus on the hierarchy of items, i.e., from easy to difficulty to perform in each domain[@r9]^)^. Based on these results, item difficulty was compared and analyzed after combining the two assessment tools using logit values. This study was approved by the Kyungdong University Human Studies Committees.

RESULTS {#s3}
=======

The general characteristics of the participants are presented in [Table 1](#tbl_001){ref-type="table"}Table 1.Demographic characteristics of the participants (mean ± SD)ParametersMale (n=17)Female (n=23)Total (n=40)Age (yrs)12.4 ± 2.710.6 ± 3.111.4 ± 3.1Hemiplegia (%)9 (52.9)12 (52.2)21 (52.5)Diplegia (%)8 (47.1)11 (47.8)19 (47.5)PBS score45.5 ± 6.444.9 ± 9.345.2 ± 8.1FAB score23.9 ± 7.622.4 ± 11.423.00 ± 9.9PBS: Pediatric Balance Scale; FAB: Fullerton Advanced Balance scale. Among the 24 items of combined PBS and FAB, the most difficult item was "Walk with head turns" (FAB item 6); the easiest item was "Sitting with back unsupported and feet supported on the floor" (PBS item 5). [Table 2](#tbl_002){ref-type="table"}Table 2.Item difficulty of the combined PBS and FABNoItemLogitErrorFAB 9Walk with head turns2.820.2FAB 6Stand on one leg2.390.18FAB 5Tandem walk2.190.18PBS 9Standing on one foot1.930.18PBS 8Standing with one foot in front1.870.18FAB 7Stand on foam, eyes closed1.080.18FAB 2Reaching forward to an object0.880.18FAB 4Step up and over0.880.18FAB 10Reactive postural control0.880.18PBS 13Placing alternate foot on step stool while standing unsupported0.740.19PBS 14Reaching forward with outstretched arm while standing0.520.19FAB 8Tow-footed jump0.330.2PBS 10Turning 360 degrees0.210.2FAB 3Turn in full circle0.210.2PBS 11Turning to look behind left and right shoulders while standing still−0.090.21FAB 1Standing with feet together and eyes closed−0.330.23PBS 7Standing unsupported with feet together−0.550.24PBS 12Pick up object from the floor from a standing position−1.370.3PBS 1Sitting to standing−1.90.36PBS 3Transfers−1.90.36PBS 6Standing unsupported with eyes closed−1.90.36PBS 4Standing unsupported−2.040.38PBS 2Standing to sitting−2.890.57PBS 5Sitting with back unsupported and feet supported on the floor−3.971Mean00.28 shows the items of the combined PBS and FAB, arranged by order of difficulty.

DISCUSSION {#s4}
==========

The purpose of this study is to compare the item difficulty between the PBS and FAB scales using Rasch analysis, which has recently been widely used for the evaluation of the construction and validation of functional assessment tools in various fields. Item difficulty is expressed by logit value in Rasch analysis, with a higher value indicating a high item difficulty level[@r8], [@r9]^)^. The PBS and FAB scales were combined to compare the relative item difficulty. The results show that among the 24 items of the combined PBS and FAB scale, the most difficult item was "Walk with head turns", and the easiest item was "Sitting with back unsupported and feet supported on the floor".

Item difficulty estimates are presented in logits, where a logit value of 0 is the average of the item difficulty measures[@r10]^)^. In this study, the "Turning to look behind left and right shoulders while standing still" item of the FAB is of approximately average difficulty. The items with higher positive logit values are most difficult than those with lower positive or negative logit values. Of the 14 PBS items, five items (item 8, 9, 10, 13, and 14) presented positive logit values, and nine items (item 1, 2, 3, 4, 5, 6, 7, 11, and 12) negative logit values. These findings are consistent with previous research and similar to developmental skill acquisitions in children[@r3]^)^. In addition, of the 10 FAB scale items, only one (item 1) showed a negative logit value, and the rest showed positive logit values. Therefore, PBS has relatively easier items than the FBA scale. The lack of items assessing higher function is the primary weakness of the PBS; thus, the assessment of higher-functioning individuals is limited[@r3]^)^. Furthermore, the PBS is not enough to distinguish the difference of function in children with cerebral palsy[@r11]^)^.

In conclusion, the FAB scale is a more appropriate tool for assessing balance ability in a group of higher-functioning individuals than the PBS. This study has several limitations. First, the participants were not selected from a representative population, and data were obtained only one hospital; thus, the generalization of our results is limited. Second, other psychometric properties, such as, age, cognition, fear of falling, and CP classification that may affect balance function in children with CP were not considered. Further study is required for incorporate data of children with CP in various regions, and other psychometric properties affecting balance function should be considered.
